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CLEANING APPARATUS WITH CONDUCTIVE MEMBER 
CROSS REFERENCE TO RELATED APPLICATIONS 

This application claims priority to Japanese patent application no. 2002-303386, 
filed on October 17, 2002, the disclosure of which is incorporated by reference herein in 
its entirety. 

BACKGROUND OF THE INVENTION 

1 . FIELD OF THE INVENTION 

The present invention relates to a cleaning apparatus for removing dirt attached 
to a member included in image forming apparatuses such as copiers, facsimiles and 
printers, and more particularly to the cleaning apparatus including an electrically 
conductive brush attached to a brush roller for removing residual toner particles. 

2. DISCUSSION OF THE BACKGROUND 

In known image forming apparatuses such as copiers, printers and facsimiles, for 
example, a toner image is carried in the form of a sheet on a recording media, having 
been formed by an image forming mechanism such as electro-photography, for example. 
The toner image which is carried on the recording medium is formed on an image 
bearing body, such as photoreceptor, for example, before being transferred to the 
recording medium. 

In an image forming apparatus, for example, an electrophotographic image 
forming apparatus, the peripheral surface of a cylindrical electrophotographic 
photoreceptor, i.e., photoconductive drum as an image bearing member, is uniformly 
charged, and an electrostatic latent image is formed on the uniformly charged peripheral 



surface in accordance with image formation data. This electrostatic latent image is 
visualized with the use of developer, that is, a toner image is formed. Then, the toner 
image is transferred from the photoreceptor onto a piece of transfer medium, i.e., 
recording medium, and is fixed to the transfer medium, to obtain a copy or a print. 
5 Up to now, a cleaning apparatus has been utilized in an image forming process 

of a toner image in order to clean the peripheral surface of the image bearing body, a 
charging roller and a transfer belt which form a toner image onto a recording medium. 
The cleaning apparatus removes residual toner particles attached to the cleaning target 
and dirt such as paper dust. ; * 

10 In unexamined Japanese Laid-Open Patent Application Publications No. 6- 

095570 and 7-140763, a cleaning apparatus is known to include a brush roller which is 
placed in contact with the peripheral surface of the target for cleaning. In the cleaning 
apparatus of this kind, the brush roller is rotated by a driving apparatus. Difference 
between the linear velocity of a brush brought into contact with the peripheral surface of 

15 a cleaning object and the linear velocity of the cleaning target causes residual foreign 
substance to be swept away, cleaning the peripheral surface of photoreceptor.: 

In unexamined Japanese Laid-Open Patent Application Publication No. 2002- 
221883, a brush with a bristle of approximately 2 mm or less in length is proposed. 
However, the foreign substance is cleaned not by a difference of linear velocity between 

2 0 a brush roller and the cleaning target but by using elastic deformation to hold one edge 
of the bristle in contact with the peripheral surface of a cleaning target. 

However, when foreign substances such as toner and paper dust, for example, 
are strongly adhered to the cleaning target, the foreign substances are not removed by. 
the above-described removing mechanisms. If the foreign substances continue to 
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accumulate, a blurred line may be printed during operation of the image forming 
apparatus. 

SUMMARY OF THE INVENTION 
5 In view of the forgoing, it is an obj ect of the present invention to provide a novel 

cleaning apparatus for removing dirt attached to a member included in a variety of 
image forming apparatuses such as copiers, facsimiles and printers, and more preferably 
to provide an electrically conductive brush attached to a brush roller for removing 
residual toner particles. 
10 Another object of the present invention is to provide a novel image forming 

apparatus for removing dirt attached to a member included in a variety of image 
forming apparatuses such as copiers, facsimiles and printers, and more preferably to 
provide an electrically conductive brush attached to a brush roller for removing residual 
toner particles. 

15 To achieve the above-mentioned objects and others, a cleaning apparatus 

includes a brush member to be brought into contact with a member to be cleaned to 
remove toner particles attached to the member, and the brush member includes a 
. conductive material. 

In the cleaning apparatus, the brush member may be held by its own weight in 
2 0 contact with the member to be cleaned. 

The brush member may be driven to rotate by rotation of the member to be 
cleaned. 

A length of the brush member may be approximately 2 mm or less. 

The brush member may include a plurality of brush bristles including the 
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conductive material, and each of the brush bristles may have a thickness of 
approximately 5 deniers or less, and the brush member may have a density of 
approximately 1 5000 bristles/cm 2 or more. 

The brush member and the toner particles may be oppositely charged to each 

5 other. 

A resistance value of the brush member may be in a range of from 
approximately 1*10 3 Q to approximately 1*10 8 Q. 

The brush member may include a brush roller. The conductive material may 
include carbon. The member to be cleaned may include a charging device, an image 
10 bearing body, and/or a transfer device. 

To achieve these and other objects, a novel image forming apparatus includes a 
cleaning apparatus which can include a brush member to be brought into contact with a 
member to be cleaned to remove toner particles attached to the member, and the brush 
member may include a conductive material. 
15 In the image forming apparatus, the brush member may be held by its own 

weight in contact with the member to be cleaned. 

The brush member may be driven to rotate by rotation of the member to be 
cleaned. 

A length of the brush member may be approximately 2 mm or less. 
2 0 The brush member may include a plurality of brush bristles including the 

conductive material, and each of the brush bristles may have a thickness of 
approximately 5 deniers or less, and the brush member may have a density of 
approximately 1 5000 bristles/cm 2 or greater. 

The brush member and the toner particles may be oppositely charged to each 
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other. 

A resistance value of the brush member may be in a range of from 
approximately 1 * 1 0 3 Q to approximately lxl 0 8 Q . 

The brush member may include a brush roller. The conductive material may 
5 include carbon. 

The image forming apparatus can include an image bearing body to bear an 
image on the image bearing body, and a charging device to charge the image bearing 
body, and the member to be cleaned may include the image bearing body, and/or the 
charging device. 

10 The image forming apparatus may further include a transfer device to transfer 

the image on the image bearing body to a recording medium, and the member to be 

cleaned may include the transfer device. 

In the image forming apparatus, the toner particles may , be prepared by a 

polymerization method. 
15 The image forming apparatus may further include a process cartridge including 

at least the cleaning apparatus. 

BRIEF DESCRIPTION OF THE DRAWINGS 

A more complete appreciation of the disclosure and many of the attendant 
2 0 advantages thereof will be readily obtained as the same becomes better understood by 
reference to the following detailed description when considered in connection with the 
accompanying drawings, wherein: 

FIG 1 is a side view illustrating an image forming apparatus which includes a 
cleaning apparatus according to a preferred embodiment of the present invention; 
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FIG 2 is a side view illustrating a process cartridge; 

FIG 3 is a chart comparatively illustrating a degree of contamination of a first . 
example where a brush is conductive and a second example where a brush is non- 
conductive as a function of a number of sheets having been passed; and 
5 FIG 4 is a table showing a degree of contamination comparing the first example 

where the brush is conductive with the second example where the brush is non- 
conductive as a function of a number of sheets having been passed. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
10 In describing preferred embodiments illustrated in the drawings, specific 

terminology is employed for the sake of clarity. However, the disclosure of this patent 
specification is not intended to be limited to the specific terminology so selected and it 
is to be understood that each specific element includes all technical equivalents that 
operate in a similar manner. Referring now to the drawings, wherein like reference 
15 numerals designate identical or corresponding parts throughout the several views, FIG 1 
shows an image forming apparatus 100 according to a preferred embodiment of the 
present invention. 

FIG 1 shows a side view of the image forming apparatus 100 which performs an 
image forming operation. The image forming apparatus 100 may include a copier, a 
2 0 facsimile and a printer. In this embodiment, a printer is an exemplary apparatus which 
will be explained later. The image forming apparatus 100 forms a monochrome and a 
color image in the image forming operation. 

Any recording sheet may be used for the image forming operation as a recording 
medium for the image forming apparatus 100, including plain papers generally used for 
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copying, so-called 90-kilogram sheets (such as overhead projector (OHP) sheets), cards 
and envelopes, for example, or a cardboard with a basis rate of substantially equal to or 
more of 100g/m 2 and also including specific sheets with greater heat capacity than plain 
papers such as envelopes, for example. 

In FIG 1, the image forming apparatus 100 can include a first cleaning apparatus 
1, a photosensitive drum (hereinafter referred to as photoreceptor) 101, a discharging 
apparatus 102, a discharging beam 102a, a laser beam 103, a developing apparatus 104, 
a developing roller 104a, a discharging apparatus 105, a discharging beam 105a, a 
second cleaning apparatus 106, a blade 106a, a transfer region 107, a registration 108, a 
transfer charger 109, a charging roller 110, a separation nail 111, a brush roller 20, 
and/or an axis 20a. 

The photoreceptor 101 is photoconductive in its nature, and the peripheral 
surface of the photoreceptor 101 is coated with organic photosensitive substance. The 
photoreceptor 101 rotates counter-clockwise in a direction of an arrow A, and acts as a 
cylindrical image bearing body. The charging roller 110 uniformly charges the 
photoreceptor 101 and an exposure apparatus (not shown) scans the photoreceptor 101 
with light by emitting the laser beam 103 and forms an electrostatic latent image 
according to image information read into a system through an external apparatus or the 
like on the photoreceptor 101 after the photoreceptor 101 is charged by the charging 
roller 110. 

The developing apparatus 104 develops an electrostatic latent image on the 
photoreceptor 101 after the photoreceptor 101 is exposed to the light beam. The 
discharging apparatus 105 discharges the photoreceptor 101 by emitting the discharging, 
beam 105a after an original image is developed. The transfer apparatus 109 



electrostatically transfers on a recording sheet (not shown) a toner image formed on the 
photoreceptor 101 from the developing apparatus 104. A feeding tray (not shown) has 
sheets piled on it and a feeding roller (not shown) feeds sheets piled on the tray to the 
registration 108. The above-mentioned recording sheet (not shown) is a transfer member 
and serves as a sheet recording medium held in contact with the photoreceptor 101. The 
registration 108 transfers the recording sheet in a predetermined timing to the 
photoreceptor 101 and the transfer charger 107, and the recording sheet passes through 
between the photoreceptor 101 and the transfer direction switching 109. The separation 
nail 111 separates the recording sheets from the photoreceptor 101 after the image is 
recorded onto the recording sheet. The second cleaning apparatus 106 removes residual 
particles of toner that remain on the photoreceptor 101 from the photoreceptor 101 after 
image transfer process. The discharging apparatus 102 discharges the photoreceptor 101 
by emitting the discharging beam 102a to the photoreceptor 101 before recharging the 
photoreceptor 101 using the charging roller 110. The charging roller 110 evenly charges 
the surface of the photoreceptor 101 again to prepare the next image forming operation. 
The recording sheet separated by the separation nail 111 is forwarded to a fixing 
apparatus, (not shown). The fixing apparatus (not shown) fixes a toner image transferred 
from the transfer apparatus 109 to the photoreceptor 101 on the recording sheet. After 
an image is fixed, the recording sheet is ejected out of the image forming apparatus 100. 

The developing roller 104a that is included in the developing apparatus 104 
makes contact with the photoreceptor 101 and rotates in the same direction with the 
photoreceptor 101, that is, the developing roller 104a is rotated clockwise in a direction 
of an arrow mark B, while the photoreceptor 101 is rotated counter-clockwise in the 
direction of the arrow A. 
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The second cleaning apparatus 106 removes particles of residual toner adhered 
to the photoreceptor 101 and foreign substance such as paper dust, for example. The 
transfer charger 109 may be in the form of a transfer belt which serves as a transfer 
device. The toner which is used in the image forming operation performed by the image 
5 forming apparatus 100, that is, by the developing apparatus 104, can be prepared by a 
polymerization method. 

The first cleaning apparatus 1 includes the brush roller 20. The brush roller 20 is 
brought into contact with the charging roller 110 which serves as the charging device. 
The brush roller 20 has a plurality of bristles (not shown) on its peripheral surface/The 
1 0 brush roller 20 and the charging roller 1 1 0 are supported rotationally against the main 

assembly of the process cartridge (FIG 2). The brush roller 20 is supported by a bearing 
(not shown) which is integrated with the main assembly of the process cartridge. 

The bearing supports the brush roller 20 and the axis 20a which are attached 
slidably and rotationally. The bearing has a slit (not shown) with the length parallel to 
15 the contact/separate direction. The bearing allows the brush roller 20 to be brought into 
contact by its weight with the charging roller 110 (i.e., the brush roller 20 is brought into 
contact with and rests against the charging roller 110). The brush roller 20 is made to 
rotate in synchronism with the rotation of the charging roller 110. 

Referring now to FIG 2, a process cartridge 25 can include at least the first 
2 0 cleaning apparatus 1 . In this embodiment, the first cleaning apparatus 1 is an apparatus 
which forms the process cartridge 25 with the charging apparatus 110 and the 
photoreceptor 101. The first cleaning apparatus 1 cleans the charging roller 110. The 
photoreceptor 1 01 is driven for rotation in the direction of the arrow A by a driving 
source (not shown) and the charging roller 110 is made to rotate by its weight driven by 
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the rotation of the photoreceptor 101. The brush roller 20 is made to rotate by its weight 
driven by the charging roller 1 10. 

Because the brush roller 20 rests against the charging roller 1 10, a member to 
restrict a pressing pressure of the brush roller 20 against the charging roller 110 is 
5 unnecessary and the structure of the cleaning apparatus can be simplified, thereby 
reducing cost. 

More specifically, because a length of bristles of the brush are approximately 2 
mm or less, a bending moment can be reduced, which acts on the base edge of the 
bristles elastically deformed and bent after pressing strongly against the peripheral 

1 0 surface of the charging roller 110. Therefore, the bristles are prevented from being 
broken, and a permanent or plastic deformation can be prevented, and the life of the 
brush roller 20 is increased. 

Accordingly, with respect to the thickness and density of brush bristles, the 
thickness of the bristles is preferably set as approximately 5 deniers or less and the 

1 5 density of bristles is preferably approximately 1 5000 bristles/cm* or more. 

Therefore, a greater number of bristles are held in contact with the peripheral 
surface of the charging roller 110 and the load that each of the bristles bears is reduced 
to prevent the bristles from breaking. Because the density of bristles is high, there are an 
increased number of bristles that are held in contact with the peripheral surface of the 

2 0 charging roller 110. The brush with many bristles may be held in contact with and 

satisfactorily clean the peripheral surface of the charging roller 110: Brushes and toner 
are electrically charged and opposite in polarity. In one example, when the polarity of 
toner is negative, a member with positive charging series such as nylon, for example, is 
used as a brush member. This increases adhesion of toner to the brush, enhancing the 
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removing power of toner from the charging roller 110. Preferably a resistance value of 
the brush is in a range of from approximately 1 *10 3 Q to approximately 1><10 8 Q, for 
example, and abnormal images caused by an application of ari insufficient of pressure 
which is applied to the charging roller 1 10 are prevented from being formed. 

Referring now to FIG 3, a chart is shown for an evaluation test performed with 
regard to cleaning capacity between a first example in which a conductive member is 
used as the brush roller 20 and a second example in which a non-conductive member is 
used as a brush roller to clean toner particles adhesive to the charging roller 110. The 
evaluation test was performed such that after removing the brush roller 20 from the 
main body, the peripheral surface of the charging roller 1 10 was intentionally 
contaminated with particles of toner. Brush rollers 20 with conductive and non- 
conductive members were sequentially applied. The density of the toner particles 
attached to the brushing members was calculated for varying numbers of passed sheets. 
Carbon-separated nylon was used as a conductive member of the brush roller 20 and 
nylon was used as a non-conductive member of the brush roller 20. 

As shown in FIG 3, when a number of papers passed is approximately 50, an 
image density (ID) is approximately 0.095 for the brush roller 20 with the conductive 
member and as the number of passed sheets increases. The chart shows a steep 
downward slope in terms of the ID when the brush roller 20 with a conductive member 
is used. 

Therefore, the brush roller 20 with the conductive member can remove more 
toner particles attached to the charging roller 110 after the passage of a smaller number 
of sheets as compared to the brush roller 20 with the non-conductive member. That is, 
more toner particles can be removed from a cleaning target when the member of the 



brush roller 20 is conductive. 

Referring to FIG 4, a table 1 to show two cases of cleaning will be explained. 

The brush roller 20 with the conductive member and the brush roller with the 
non-conductive member produce stable result in terms of removing particles of toner 
attached to the charging roller 110. The evaluation results were conducted in an 
identical manner to the evaluation of the FIG 3. 

The member of the brush roller 20 with the conductive member and the member 
of the brush roller with the non-conductive member are substantially identical to the 
bruish rollers 20 of FIG 3, respectively. FIG 4 shows a result of the contamination of the 
charging roller 110 after passage of 45000 sheets. 

As shown in the table of FIG 4, in the case of using the brush roller 20 with the 
conductive member, the JD is 0.79 in the center of the image of a sheet, for example. 

FIG 4 shows that the conductive brush roller 20 can remove particles of toner on 
the charging roller 110 in more stable fashion, and the brush roller 20 may be used for a 
longer time than the non-conductive brush roller. 

In the preferred embodiment of the present invention with the above-described 
structure, an image forming begins by a predetermined operation and the photoreceptor 
101 is driven to rotate in the direction of the arrow A. During the time the photoreceptor 
101 rotates, it undergoes various kinds of separate stages including the charging process 
performed by the charging roller 110, the exposure process by the laser beam 103, the 
developing process by the developing apparatus 104, the transfer process by the transfer 
apparatus 109 and the cleaning process by the second cleaning apparatus 106. After the 
photoreceptor 101 undergoes the discharging process performed by the discharging 
apparatus 102, the photoreceptor 101 repeats the next image forming step in which the 



12 



photoreceptor 101 is charged again by the charging roller 110. 

Meanwhile, it is noted that residual particles of toner attached to the 
photoreceptor 101 after transferring a toner image to a transfer recording medium are 
mostly removed by the second cleaning apparatus 106. 
5 However, a trace quantity of toner particles cannot be removed by the second 

cleaning apparatus 106. The toner particles pass through the blade 106a. The particles of 
toner that have passed through the blade 1 06a: are adhered to the charging roller 110.. 
However, the particles of toner on the charging roller 110 are removed by the brush 
roller 20 driven for rotation by the charging roller 110. 

10 Paper dust is adhered to the photoreceptor 101 from the paper that is held in 

contact with the photoreceptor 101 in the transfer region 107 during the image transfer 
process. Likewise, the paper dust adhered to the photoreceptor 101 is not wholly 
removed by the second cleaning apparatus 106 but is adhered to the charging roller 110 
and accumulated thereon. In the same manner mentioned above, the paper dust that has 

15 adhered to the charging roller 110 in the above-described manner is removed by the 

brush roller 20. As above-described, foreign substances such as toner and paper dust, for 
example, are further removed because cleaning performance of the brush roller 20 is 
enhanced. Therefore, removing performance will be maintained for a relatively long 
time. 

2 0 As mentioned, toner can be prepared by a polymerization method. Because 

charge counter mass ratio for each of the particles is uniform for every particle, transfer 
efficiency is enhanced in a transfer process performed statically. The amount of toner 
residing on the photoreceptor 101 is less than the amount of toner which is 
manufactured by other methods. 
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Hence, using the toner made by the polymerization method prevents dirt from 
adhering to the peripheral surface of the charging roller 110. The stranger the form of . 
toner is, the more efficient the removal efficiency by the second cleaning apparatus 106 
is in comparison with when the form of the toner is like a pearl. Therefore, it is also 
5 effective to remove dirt that the toner is made such that the form of the toner is strange 
in terms of form, unable to keep the charging roller 110 clean with the passage of time. 

A cleaning apparatus and an image forming apparatus have been explained. 
Preferably, other members can also be used. In one example, a photoreceptor may be 
cleaned. When the photoreceptor includes the transfer apparatus such as the transfer 

10 apparatus 109 and transfer belt (not shown), the photoreceptor can be cleaned. At least 
one of the charging rollers 110, the life span which is extended by the first cleaning 
apparatus 1 to a great extent, as well as the first cleaning apparatus 1 itself maybe 
included in this embodiment. By fully using the first cleaning apparatus 1 and the 
charging roller 110, the process cartridge can be used longer as an assembly and 

1 5 unmatched convenience of operation is made the most of, though the first cleaning 
apparatus 1 does not necessarily include the process cartridge. 

Numerous additional modifications and variations are possible in light of the 
above teachings. It is therefore to be understood that within the scope of the appended 
claims, the disclosure of this patent specification may be practiced otherwise than as 

2 0 specifically described herein. 
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